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Thymocyte Development:
mental signals. This prompted the Crabtree lab to char-Drama without Brahma
acterize the role of the BAF complex in the development
of thymocytes in response to developmental cues. As
their strategy, gene disruption of the central ATPase
component Brg was chosen. In a previous study, it wasEukaryotic cells have evolved a large variety of chro-
already found that the CD8 gene was incompletely acti-matin remodeling complexes to control gene expres-
vated, while the CD4 gene was partially derepressed insion. In this issue, Chi et al. define an essential role
early thymocytes of Brg1/ mice (Chi et al., 2002). Infor the BAF complex during thymocyte development
this issue, Chi et al. provide an in-depth analysis ofby conditional deletion of one of its components,
thymocyte development in mice in which excision of aBrahma-related gene (Brg).
conditional Brg allele is mediated by a thymocyte-spe-
cific Lck-Cre transgene.Mating-type switching and the sucrose fermentation re-
Early thymocytes are characterized by the absencesponse in yeast are controlled by external signals, i.e.,
of CD4 and CD8 expression and are consequentlyby pheromones and small sugars, respectively. Genetic
termed DN (for double-negative). A further subdivisionscreens for modifiers of these responses have identified
of this compartment in DN1 to DN4 stages is baseda set of genes termed Switch/sucrose nonfermenting
on the differential expression of the markers CD44 and(Winston and Carlson 1992). Swi/Snf genes encode
CD25. Lck-Cre-mediated excision in heterozygous micecomponents of what is now known as the prototypic
occurred later than expected based on previous studiesSwi/Snf chromatin remodeling complex. The large Swi2
and first became readily detectable in the DN4 compart-protein acts at the core of this complex and provides
ment. This fortuitous finding allowed Chi et al. to analyze
ATPase activity. The energy that is released upon the
Brg function throughout early thymocyte development.
hydrolysis of ATP allows the disruption of energetically
In the absence of Brg, thymocytes were greatly re-
stable chromatin at specific genomic loci. This process
duced in number and did not develop beyond the DN4
of chromatin remodeling is a crucial step in the control of
stage. Introduction of a Bcl-xL transgene resulted in a
gene expression. Recruitment of chromatin remodeling
vast increase in cell numbers, implying that the Brg
complexes to individual gene loci likely involves gene- deletion induced cell death. The increased cellularity
specific transcription factors. To date, little definitive could almost entirely be attributed to the DN4 stage. A
evidence for this notion exists, presumably because of more detailed analysis revealed that the Bcl-xL trans-
the transient nature of the pertinent intermolecular inter- gene also rescued the minority of DN2 and DN3 thymo-
actions. cytes that had undergone Brg deletion, implying that
The mammalian Swi/Snf-like complex appears much Brg was essential for cell survival at those stages as
more sophisticated than its yeast counterpart. Several well. Significantly, and despite the restoration of cell
of the subunits of the so-called BAF complex are en- numbers, the thymocytes still failed to develop beyond
coded by gene families, which allows for the combinato- the DN4 stage and remained cell cycle arrested.
rial assembly of large numbers of similar yet not identical What molecular mechanisms were responsible for this
remodeling complexes. Indeed, genetic studies have dramatic developmental phenotype? It was first deter-
implied that individual BAF family proteins perform mined that c-Kit was dramatically downregulated, while
unique functions. While the fly genome encodes a sin- the Il7 receptor and two Jak kinases were unaffected
gle Swi2-like ATPase termed Brahma, the mammalian in the Brg mutant cells. The downregulation of c-Kit,
genome harbors two homologs, Brahma (Brm) and however, could not explain the entire phenotype. A care-
Brahma-related gene (Brg). Brg/ mice are embryonic ful analysis of c-Kit mutant thymocytes revealed an im-
lethal (Bultman et al. 2000), while Yaniv and colleagues paired DN2 stage, but no defects were seen at later
reported a relatively subtle Brm knockout phenotype stages. Of interest, c-Kit had been reported to be a
(Reyes et al., 1998). target of the Wnt cascade effectors -catenin and TCF
T lymphocyte differentiation is arguably the best stud- in colorectal cancer and to require Brg/-catenin inter-
ied model of cellular development in mammals. Early actions for optimal expression (Barker et al., 2001). The
thymocyte precursors progress in a stepwise fashion to authors therefore speculated that the loss of c-Kit ex-
ultimately yield immunocompetent CD4 or CD8-positive pression was due to a more general impairment of Wnt-
T lymphocytes. Progression of thymocyte differentiation driven gene expression. Indeed, several other known
can be readily monitored by FACS analysis, utilizing the Wnt targets, notably c-myc and NPM, were repressed
surface markers CD44, CD25, CD4, CD8, and compo- in the Brg-deleted cells. Moreover, Brg was detected
nents of the (pre)-TCR, in combination with markers of by chromatin immunoprecipitation to occupy the proxi-
cell cycle. Successive waves of expansion and matura- mal c-myc promoter that contains several consensus
tion are induced by cues sensed at the thymocyte sur- Tcf binding sites. The authors agree that definitive evi-
face. Multiple nonredundant signal transduction path- dence for Brg dependency of Wnt signaling in thymo-
ways appear crucial for normal thymocyte development. cytes is still lacking. Nevertheless, the phenotype of the
These include pathways that emanate from the Interleu- Brg-deleted thymocytes closely resembles that of the
kin-7 receptor, from the c-Kit tyrosine-kinase receptor, Wnt effector Tcf1. Both mutations affect DN thymocytes
from the pre-TCR, and from Wnt receptors (di Santo at multiple stages and the mutant cells arrest in G1 and
and Rodewald, 1998; Fischer and Malissen, 1998; van are lost due to apoptosis (van de Wetering et al., 2002).
de Wetering et al., 2002). Are other signal transduction cascades defective in
In yeast, the Swi/Snf genes were found with apparent the absence of Brg? The block at the DN3-DN4 stages
was reminiscent of the phenotypes of mice lackingease in screens for modifiers of responses to environ-
Immunity
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genes encoding components of the pre-TCR, or lacking actions of transcription factors and of histone modifiers
such as histone acetylases/deacetylases? How do sig-the Rag enzymes that catalyze rearrangement of the
nal transduction cascades mobilize chromatin remodel-TCR genes (Fischer and Malissen, 1998). Yet, TCR-
ing complexes? The thymocyte model system exploredgene rearrangement was unaffected in the Brg-deleted
by Crabtree and colleagues holds the promise of provid-cells, as was the expression of CD3. Pre-TCR signaling
ing answers to many of these questions.can be mimicked in Rag mutant mice by the application
of anti-CD3 antibodies, which induces a dramatic in-
crease in cell numbers and the massive transition to Hans Clevers
the CD4/CD8 double-positive (DP) compartment. For Hubrecht Laboratory
practical reasons, the authors investigated pre-TCR sig- Center for Biomedical Genetics
naling in a different mouse model: BAF57N/;Brg/ Utrecht
(BAF57 constituting another component of the BAF The Netherlands
complex). Anti-CD3 antibodies failed to yield increased
cell numbers or to induce the DN-DP transition in these
Selected Readingmice. This experiment implied that pre-TCR/CD3 signal-
ing indeed requires Brg (although this conclusion would
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have been more definitive had the experiment been per- H. (2001). EMBO J. 20, 4935–4943.
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Thus, a picture emerges in which Brg (and therefore A., Randazzo, F., Metzger, D., Chambon, P., Crabtree, G., et al.
(2000). Mol. Cell 6, 1287–1295.the BAF complex) is an essential downstream compo-
nent of several signaling cascades that drive thymocyte Chi, T.H., Wan, M., Zhao, K., Taniuchi, I., Chen, L., Littman, D.R.,
and Crabtree, G.R. (2002). Nature 418, 195–199.development. With this study, it is once more demon-
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